The crystal structures of Na 2 SeO 4 Á1.5H 2 O (sodium selenate sesquihydrate) and Na 2 SeO 4 Á10H 2 O (sodium selenate decahydrate) are isotypic with those of Na 2 CrO 4 Á1.5H 2 O and Na 2 XSeO 4 Á10H 2 O (X = S, Cr), respectively. The asymmetric unit of the sesquihydrate contains two Na + cations, one SeO 4 tetrahedron and one and a half water molecules, the other half being generated by twofold rotation symmetry. The coordination polyhedra of the cations are a distorted monocapped octahedron and a square pyramid; these [NaO x ] polyhedra are linked through common edges and corners into a threedimensional framework structure, the voids of which are filled with the Se atoms of the SeO 4 tetrahedra. The structure is consolidated by O-HÁ Á ÁO hydrogen bonds between coordinating water molecules and framework O atoms. The asymmetric unit of the decahydrate consists of two Na + cations, one SeO 4 tetrahedron and ten water molecules. Both Na + cations are octahedrally surrounded by water molecules and by edge-sharing condensed into zigzag chains extending parallel to [001]. The SeO 4 tetrahedra and two uncoordinating water molecules are situated between the chains and are connected to the chains through an intricate network of medium-strength O-HÁ Á ÁO hydrogen bonds.
The crystal structures of Na 2 SeO 4 Á1.5H 2 O (sodium selenate sesquihydrate) and Na 2 SeO 4 Á10H 2 O (sodium selenate decahydrate) are isotypic with those of Na 2 CrO 4 Á1.5H 2 O and Na 2 XSeO 4 Á10H 2 O (X = S, Cr), respectively. The asymmetric unit of the sesquihydrate contains two Na + cations, one SeO 4 tetrahedron and one and a half water molecules, the other half being generated by twofold rotation symmetry. The coordination polyhedra of the cations are a distorted monocapped octahedron and a square pyramid; these [NaO x ] polyhedra are linked through common edges and corners into a threedimensional framework structure, the voids of which are filled with the Se atoms of the SeO 4 tetrahedra. The structure is consolidated by O-HÁ Á ÁO hydrogen bonds between coordinating water molecules and framework O atoms. The asymmetric unit of the decahydrate consists of two Na + cations, one SeO 4 tetrahedron and ten water molecules. Both Na + cations are octahedrally surrounded by water molecules and by edge-sharing condensed into zigzag chains extending parallel to [001] . The SeO 4 tetrahedra and two uncoordinating water molecules are situated between the chains and are connected to the chains through an intricate network of medium-strength O-HÁ Á ÁO hydrogen bonds.
Chemical context
Based on recent studies in the system Na/Se/O/H that revealed dimorphism of the phases NaHSeO 4 and Na 5 H 3 (SeO 4 ) 4 -(H 2 O) 2 (Pollitt & Weil, 2014) , we became interested in the structure determination of hydrous phases of Na 2 SeO 4 . Although the first report of the decahydrate of Na 2 SeO 4 dates back to 1827 (Mitscherlich, 1827), a detailed structure report for this compound has not been published so far. Mitscherlich (1827) also recognized an isomorphic relationship of Na 2 SeO 4 Á10H 2 O with Na 2 SO 4 Á10H 2 O (Glauber's salt or mirabilite as a mineral species). This relation was later confirmed by Rosický (1908) and by Ruben et al. (1961) on the basis of unit-cell determinations using diffraction methods. Another hydrous phase of Na 2 SeO 4 reported in the literature is the metastable heptahydrate that crystallized from supersaturated Na 2 SeO 4 solutions only when seeded with Na 2 SO 4 Á7H 2 O nuclei below 293 K (Belarew, 1965) .
During crystallization studies of aqueous Na 2 SeO 4 solutions under different temperature conditions, we were able to isolate crystals not only of the decahydrate, but also of the sesquihydrate, the crystal structures of which are reported here.
Structural commentary
Na 2 SeO 4 Á1.5H 2 O is isotypic with the corresponding chromate (Kahlenberg, 2012) and is the second example of the Na 2 XO 4 Á1.5H 2 O structure family. The main building blocks of this structure type are distorted [NaO 5 (H 2 O) 2 ] (Na1) monocapped octahedra, distorted [NaO 4 (H 2 O)] square pyramids (Na2) (Fig. 1 ) and rather regular XO 4 (X = Se, Cr) tetrahedra. These building blocks are linked through common corners and edges into a three-dimensional framework structure (Fig. 2) . Hydrogen bonds of the type O-HÁ Á ÁO between the coordinating water molecules and parts of the framework O atoms provide additional stabilization (Table 1) . The bond lengths (Table 2 ) and angles within the individual building blocks of the selenate and chromate structures are more or less identical with mean distances of SeO 4 = 1.641; CrO 4 = 1.651; Na1O 7 = 2.514 (selenate), 2.505 (chromate); Na2O 5 = 2.350 (selenate), 2.360 Å (chromate).
Isotypism has been reported for several Na 2 XO 4 Á10H 2 O (X = S, Se, Cr, W, Mo) phases (Ruben et al., 1961) , but only the structures of X = S (Levy & Lisensky, 1978; Prescott et al., 2001) and Cr (Kahlenberg, 2012) have been determined so far. As expected, the general structural set-up in the isotypic Na 2 XO 4 Á10H 2 O structures is very similar. Each of the two Na The NaO 7 and NaO 5 polyhedra in the structure of Na 2 SO 4 Á1.5H 2 O. Displacement parameters are drawn at the 99% probability level. [Symmetry codes: (i) Table 1 Hydrogen-bond geometry (Å , ) for 1.5-hydrate. 
Figure 2
The crystal structure of Na 2 SO 4 Á1.5H 2 O in a projection along [110] . NaO 5 polyhedra are turquoise, NaO 7 polyhedra are blue, SeO 4 tetrahedra are red and H atoms are grey. Hydrogen bonds have been omitted for clarity.
Figure 3
A chain of edge-sharing NaO 6 octahedra in the crystal structure of Na 2 SO 4 Á10H 2 O. Displacement parameters are drawn at the 99% probability level. [Symmetry code:
cations is octahedrally surrounded [mean Na-O distance of the two octahedra is 2.420 Å (see Table 3 ); sulfate analogue (Prescott et al., 2001) (Table 4) to build up the crystal structure (Fig. 4) . The most important difference between the structures of the three Na 2 XO 4 Á10H 2 O (X = S, Se, Cr) phases is the missing disorder of the XO 4 tetrahedron in the selenate compound that has been observed in the sulfate compound on the basis of single-crystal neutron data (Levy & Lisensky, 1978) and single-crystal X-ray data (Prescott et al., 2001) , or for the chromate compound on the basis of single-crystal X-ray data (Kahlenberg, 2012) .
Synthesis and crystallization
Anhydrous Na 2 SeO 4 was prepared according to the method compiled by Brauer (1963) by adding a half-concentrated aqueous selenic acid solution (ca 60 wt%) to an excess of an Na 2 CO 3 solution. The resulting solution was heated until a considerable amount of the neutralization product had crystallized. The crystal mush was then separated by suction filtration of the still-hot solution and dried in air. X-ray powder diffraction revealed a single-phase material. The Na 2 SeO 4 crystals were then dissolved in small amounts of water and kept at ca 300, 293 and 280 K until complete evaporation of the solvent. According to Rietveld refinements using TOPAS (Bruker, 2013) the product crystallized at 300 K consisted of Na 2 SeO 4 and Na 2 SeO 4 Á1.5H 2 O in an approximate 9:1 weight ratio, the product crystallized at 290 K consisted of Na 2 SeO 4 and Na 2 SeO 4 Á1.5H 2 O in an approximate 5:1 ratio, and the product crystallized at 280 K consisted of Na 2 SeO 4 , Na 2 SeO 4 Á1.5H 2 O and Na 2 SeO 4 Á10H 2 O in an approximate 5:4:1 ratio. The crystal forms of the three obtained phases were different and were used for separation. Crystals of the anhydrous phase had mainly a lath-like form, of the sesquihydrate a plate-like form, and of the decahydrate a pinacoidal form. All obtained hydrate phases tend to weather when stored under ambient conditions.
Refinement
Unit-cell determinations revealed isotypic relationships with the corresponding chromate phases (Kahlenberg, 2012) . For better comparison of the isotypic structures, atom labels and the setting of the unit cells of the selenate compounds were retained, and the coordinates of the non-H atoms of the chromate structure were used as starting parameters for refinement [note that the unit cell of Na 2 CrO 4 Á1.5H 2 O is given in the non-standard setting F2dd of space group No. 43 (standard setting Fdd2)]. The H atoms of the water molecules were located from difference maps and were refined with a common U iso parameter and a fixed O-H distance of 0.82 Å . Experimental details are given in Table 1 . Table 4 Hydrogen-bond geometry (Å , ) for 10-hydrate. (1) 2.00 (1) 2.8061 (7) 169 (1) Symmetry codes:
Figure 4
The crystal structure of Na 2 SO 4 Á10H 2 O in a projection along [110] . NaO 6 polyhedra are light blue, SeO 4 tetrahedra are red, O atoms are white and H atoms are grey. Hydrogen bonds have been omitted for clarity. Computer programs: SMART, SAINT, SAINT-Plus and APEX2 (Bruker, 2013 (Bruker, , 2013 , SHELXS97 and SHELXL97 (Sheldrick, 2008) , ATOMS (Dowty, 2006) and publCIF (Westrip, 2010) . (Dowty, 2006) ; software used to prepare material for publication: publCIF (Westrip, 2010) . (7) Na2-O2-Na2 
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